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This study focuses on developing an optimal security patch management tool
for intrusion-tolerant systems using probabilistic models. The system behavior is modeled using
Markov regenerative processes, and the optimal patch application timing is determined from both
security and cost perspectives. Sensitivity analysis is conducted to optimize the system design by
identifying parameters that significantly impact system reliability and performance. Additionally,
deep learning techniques are employed to propose efficcient methods for malware detection and
classification, enhancing system safety and availability. A hierarchical modeling approach is
proposed for calculating performance measures for multi-state systems, enabling the determination of

optimal patch application strategies from various performance perspectives. This study strengthened
the theoretical foundation of intrusion-tolerant systems and marked a significant step towards
practical implementation.
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